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The invention concenis a method for 



detenntnation of an irreversible stretch and of 
a dynamic modulus of elasticity from a pa- 
per web (W). In the method, the incversible 
stretch and the dynamic modulus of elastic- 
ity are determined from the paper web (W) 
by means of on-line measurement The in- 
vention also concerns a method in which 
the quantities that have been determined are 
employed in the control of the papermalcing 
process. 
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1 

Method for determination of an irreversible stretch 
and of a dynamic modulus of elasticity 

5 

The invention concerns a method for determination of an ineversible stretch and of 
a dynamic modulus of elasticity from a paper web. The invention also concerns a 
method for the control of a papermaking process. 

10 

It is known from the prior art that, in manufacture of paper and board material, it is 
necessary to monitor the properties of the web material during the process of 
manufacture. For the quality control, a number of prior-art on-line or off-line 
methods are available. As a result of a determination of the properties of the web 
15 material, it is possible to regulate different parameters that are used in papermaking. 
The aim of the regulation is a final product of optimal quality and good runnability 
of the machines. 

Earlier, the significance of the cross-direction tension profile of a paper web both for 
20 the quality of the ultimate product and for the runnability of the machines has been 
realized. In the applicant's FI Patent No. 94,066, there is a thorough discussion of 
the significance of the tension profile for the smooth running of the process of 
manufacture and for the quality of the ultimate product. 

25 In the applicant's FI Patent No. 80,522, a method and an equipment for measure- 
ment of the tension of a web are described. In said solution, the tension of the web 
is measured by, in the vicinity of the moving web, fitting a measurement rib, which 
has a face that is curved in the running direction of the web and in which rib there 
are pressure metering detectors placed in holes. An air cushion is formed between 

30 the moving web and the curved face, in which cushion the air pressure is directly 
proportional to the tension of the web. The tension of the web is measured indirectly 
by metering the pressure in the air cushion. 
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2 

In the Fl Patent No, 62,419, a method for measurement of a tension profile is 
described, which method is based on the speed of propagation of a plane wave. In 
this method, an acoustic impulse is produced in the web, and the travel time of the 
impulse is measured by means of a microphone. 

5 

In the US Patents 2, 755,032 and 3,057,574, mechanical and pneumatic equipments 
of measurement and regulation have been suggested for measurement of the tension 
profile of a web. In these apparatuses, the web is pressed by means of two shoes, 
which produce a change in the running direction of the web, and, at the same time, 
10 a force directly proportional to the tension of the web is applied to the shoes. 

Even though a number of on-line methods are available for examination of the 
tension profile and of other properties of a web material, it has been difficult to 
determine the irreversible stretch and the dynamic modulus of elasticity during the 
15 process. As a rule, these quantities are determined under laboratory conditions. For 
this purpose, separate samples must be taken from the web material, and the result 
of determination of the quantities is obtained only after a delay. Thus, it takes a 
great deal of time before the necessary adjustments in the process can be made on 
the basis of the results obtained from the laboratory. 

20 

The problems stated above and involved in the prior art have constituted a reason for 
the present invention. 

The object of the present invention is to provide a novel method for determination 
25 of an irreversible stretch and of a dynamic modulus of elasticity from a paper web. 
The aim of the method in accordance with the method is to provide a possibility for 
rapid adjustment of the regulation parameters employed in the manufacture of paper 
after determination of the quantities concerned. 

30 In view of achieving the objectives stated above and those that will come out later, 
the method in accordance with the invention for determination of an irreversible 
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stretch and of a dynamic modulus of elasticity from a paper web is mainly charac- 
terized m that the method comprises the following steps: 

— the paper web is subjected to an on-line measurement of its cross-direction 
5 tension profile at two or more different tension levels, 

— a curve is fitted to the number of points of tension measurement carried out at 
each location of measurement in the cross direction of the paper web, 

— the irreversible stretch is determined from each fitted curve, and 

— the dynamic modulus of elasticity is determined from each fitted curve. 

10 

The method in accordance with the invention for the control of a papermaking 
process is mainly characterized in that, in said method, the method in accordance 
with the invention for determination of an ureversible stretch and of a dynamic 
modulus of elasticity from a paper web is employed for regulation of the dynamic 
15 modulus of elasticity and/or of the irreversible stretch. 

In carrying the method in accordance with the invention into effect, it is possible to 
use apparatuses of measurement of the cross-direction tension profile of a web which 
are known from the prior art and which have possibly already been installed in the 
20 paper machine. The tension profile is determined across the entire width of the paper 
web at two or more different tension levels, and the stretch between targets is 
determined as a measurement of difference in speed. 

At each of the different points of measurement of the tension profile, the measure- 
25 ment results of a number of measured tension profiles are fitted together. From the 
fitted result thus formed, it is possible to determine the irreversible stretch and the 
modulus of elasticity of the paper web. 

A particular advantage of the present invention is the rapidity of the method of 
30 measurement as well as the possibility of integrating the measurement procedure on- 
line in the rest of the control system of the paper machine. 
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In the following, the invention will be described in detail with reference to the 
exemplifying embodiments of the invention illustrated in the figures in the accom- 
panying drawing, the invention being, however, not supposed to be confined to said 
embodiments alone. 

5 

Figure 1 illustrates a location of an apparatus for measurement of tension profile in 
a paper machine. 

Figure 2 illustrates a result of measurement of a tension profile at three different 
10 levels of tension. 

Figure 3 illustrates the principle of fitting together of measurement points. 

Figure 4 illustrates a profile of modulus of elasticity of a paper web. 

15 

Figure 5 illustrates a profile of irreversible stretch of a paper web. 

Fig. 1 shows a typical location of an apparatus 10 for measurement of the tension 
profile in a paper machine. In this exemplifying embodiment, the measurement 

20 apparatus has been fitted in the dry end of the paper machine between a calender 20 
and a reel-up 30. The measurement data 11 concerning the tension profile are passed 
along a bus to a data processing equipment 14. The tension profile is measured at 
different tension levels so that the stretch of the paper web W between the calender 
20 and the reel-up 30 is adjusted. A change in the stretch is produced so that the 

25 web W speeds in the calender nip and in the reeling nip are altered. In this way, a 
difference in speed is produced between the calender and the reel-up. The relative 
stretch a that was present when each tension profile was measured is determined 
from the formula: 

30 V2 - vi 

e = 

Vi 
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wherein 

= web speed in the calender nip 
V2 = web speed in the reeling nip. 

5 The data processing equipment 14 gives commands concerning the regulation of the 
different speeds to the regulation units 12 and 13 for the drives whose speeds can be 
regulated. The regulation unit 12 controls the calender nip, and the regulation unit 
13 controls the reeling nip. After the desired tension profiles have been measured at 
a number of, preferably three, different tension levels, the data processing equipment 

10 14 computes the profiles 15 of irreversible stretch and of dynamic modulus of 
elasticity by means of the fitting method that will be described later. These profiles 
can be displayed in a display apparatus 17, which can be, e.g., a display monitor or 
a printer. The profiles 15 are used for making the regulations of the papermaking 
process by means of the control unit 16 of the paper machine. The control unit 16 

15 can be based on automatic feedback regulation and/or on manual regulation. 

Fig. 2 shows a measurement result obtained by means of the apparatus 10 for 
measurement of the tension profile, wherein the tension profile has been measured 
at three different known tension levels TjCy), T2(y) and T3(y), which levels corre- 

20 spond to the values of relative stretch Cj, £3 ^3- figure, the vertical axis 
represents the tension as the units N/m (newtons per metre). The horizontal axis 
represents the location y in the cross direction of the paper web, the unit being mm 
(millimetre). In this example, the width of the paper web is 7 metres. In Fig. 2, as 
an example, the tension values Ti(lOOO), T2(1000) and T3(1000) corresponding to 

25 a cross-direction distance of 1000 nmi of the paper web have been indicated in 
respect of each graph of tension profile T^iy), T2(y) and T3(y). 

Fig. 3 illustrates the principle with which the tension values measured with each 
stretch value Cj, £2 £3 are fitted in the curve. This fitting is carried out at each 
30 point of measurement of the tension profile. The fitting of a straight line at the 
measurement points is carried out, for example, by making use of the method of 
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6 



10 



.15 



20 



25 



fitting of the least squares. The equation of the straight line drawn in Fig. 3 has the 
following form: 



By means of the straight line fitted on the measurement results, illustrated in Fig. 3, 
it is possible to determine the irreversible stretch €q from the measurement results, 
which irreversible stretch is obtained from the intersection point of the straight line 
on the horizontal axis. The angle coefficient of the straight line corresponds to the 
dynamic modulus of elasticity £(y) of the measurement point. 

Fig. 4 shows the CD profile of the dynamic modulus of elasticity E of the paper web 
determined in the way described above. In the figure, the vertical axis represents the 
elasticity module E, whose unit is sq.m/s^, and the horizontal axis represents the 
location on the paper web W in the CD direction. 

Fig. 5 shows the profile of the ureversible stretch Bq of the paper web W determined 
in the way described above. In the figure, the vertical axis represents the irreversible 
stretch a percentage, and the horizontal axis represents the location in the 
cross-direction of the paper web W. 

Above, an exemplifying embodiment has been described, according to which the 
measurement of the tension profile is carried out between a calender and a reel-up, 
i.e. in the dry end of the paper machine. The method can also be applied to other 



T(y) = m(y)E(y)(e-£o)'' 



wherein 



T(y) = 
m(y) = 
E(y) - 



Ti(y), T2(y). T3(y) = tension profile [N/m] 
basis weight profile [kg/sq.m] 
dynamic modulus of elasticity [sq.m/s^] 
ej, ^2 ^3 = relative stretch 
irreversible stretch 
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7 

parts of a paper machine. Possible other locations of measurement are, for example, 
the press section, a coating machine, and an off-line calender. In such a case, the 
determination of the quantities differs to some extent from what has been stated 
above, because the stretch/tension conduct of the papej depends on the degree of 
5 dryness of the paper. 

In the following, the patent claims will be given, and the different details of the 
invention may show variation within the scope of the inventive idea defined in said 
claims and differ from what has been stated above by way of example only. 

10 
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Claims 

1. A method for determination of an irreversible stretch and of a dynamic modulus 
of elasticity from a paper web (W), characterized in that the method comprises the 

5 following steps: 

— the paper web (W) is subjected to an on-line measurement of its cross-direction 
tension profile at two or more different tension levels, 

— a curve is fitted to the number of points of tension measurement carried out at 
10 each location of measurement in the cross direction of the paper web (W), 

— the irreversible stretch (cq) is determined from each fitted curve, and 

— the dynamic modulus of elasticity (E) is determined from each fitted curve. 

2. A method as claimed in claim 1, characterized in that the determined values 
15 and/or profiles of irreversible stretch (cq) and of dynamic modulus of elasticity (E) 

are used for the control of the papermaking process. 

3. A method as claimed in claun 2, characterized in that the levels of tension of 
the paper web (W) are varied by means of a web (W) speed difference {V2 - V|). 

20 

4. A method as claimed in any of the claims 1 to 3, characterized in that the 
results of measurement of irreversible stretch (eg) and of dynamic modulus of 
elasticity (E) provided by means of the method in accordance with the invention are 
utilized for the control of the papermaking process manually, 

25 

5. A method as claimed in any of the claims 1 to 4, characterized in that the 
control of the papermaking process is carried out as on-line feedback control by 
means of an automation system so that set values or certain target areas of target 
values are assigned to said levels and/or profiles of irreversible stretch (cq) and 

30 dynamic modulus of elasticity. 
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6. A method as claimed in any of the claims 1 to S, characterized in that the 
measurement of the tension profile is carried out in the dry end of the paper 
machine. 

5 7. A method as clauned in any of the claims 1 to 5, characterized in that the 
measurement of the tension profile is carried out on the run of the web (W) between 
an on-line calender (20) and a reel-up (30). 

8. A method as claimed in any of the claims 1 to 5, characterized in that the 
10 measurement of the tension profile is carried out in the press section. 

9. A method as claimed in any of the claims 1 to 5, characterized in that the 
measurement of the tension profile is carried out in a coating machine. 

IS 10. A method as claimed in any of the claims 1 to 5, characterized in that the 
measurement of the tension profile is carried out in an off-line calender. 

11. A method for the control of a papermaking process, characterized in that, in 
the method, a method as claimed in the claims 1 to 10 is used for regulation of the 

20 dynamic modulus of elasticity (E) and/or of the ineversible stretch (cq). 

12. A method as claimed in claim 11, characterized in that the profiles of irrevers- 
ible stretch (bq) and/or of dynamic modulus of elasticity (E) are affected by means 
of the following parameters and/or devices of the papermaking process: devices for 

25 regulation of basis weight, moisture content and thickness, such as slice spindles and 
dilution valves of the headbox, steam box in the press section and wire loads in nips, 
moistening device, wire loads and/or steam boxes in a calender. 
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